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                                                                                                                                                             Synopsis




The thesis entitled “Synthesis of Biologically Active Natural Products, Synthesis and Resolution of novel Dibenzofuranylethyl amine, Multicomponent Construction of new Heterocyclic Scaffolds and Synthesis of Chromogenic Azacrown Ether” has been divided into four chapters.

Chapter I :     		Synthesis of Biologically Active Natural Products. 
                       		This chapter is further divided into two sections
Section A :     		Enantioselective formal synthesis of (+)-Dodoneine via cyclic sulfate 
			methodology.
Section B :     		A practical and efficient route to the synthesis of Cotarnine analogue.
Chapter II:    		Synthesis and Resolution of novel Dibenzofuranylethyl amine
Chapter III:  		Multicomponent construction of new Heterocyclic Scaffolds
				This chapter is further divided into three sections
Section A:      		Facile synthesis of Amidoalkyl naphthols.
Section B:      	An efficient synthesis of 1,2-dihydro-1-aryl-naphthol[1,2-][1,3]-oxazine-3-ones using montmorillonite K 10 clay.
Section C:    		Facile synthesis of pyrimidine analogues through modified Biginelli reaction.  
Chapter IV:  		Synthesis of Chromogenic Azacrown ether 







CHAPTER- I
Section A: Enatioselective formal synthesis of (+)-Dodoneine via cyclic sulfate methodology
Introduction:
Natural product chemistry has undergone an explosive growth during the last century. Substances from natural products display various pharmacological activities like antibiotic, antitumor, immunostimulants affecting cardiovascular and central nervous system, analgesics, etc. Thus, the synthesis of natural products having biological activity is always a fascinating subject which excited the synthetic organic chemists worldwide.
In 2007, J.M. Coustard et al isolated an α,β-unsaturated lactone Dodoneine 1, namely [(R)-6-[(S)-2-hydroxy-4-(4-hydroxyphenyl)butyl]-5,6-di-hydropyran-2-one],from the methanolic extract of hemi plant parasite, Tapinanthus dodoneifolius DC Danser (also known as African mistletoe) found on a sheanut tree in Loumbila, West Africa. The structure of [(R)-6-[(S)-2-hydroxy-4-(4-hydroxyphenyl)butyl]-5,6-di-hydropyran-2-one 1 was determined from spectroscopic and X-ray crystallographic analysis of its camphor sulphonate derivative. (+)-Dodoneine 1 exhibited relaxing effect on preconstricted rat arotic rings (IC50 of 81.4 ± 0.9 µM).

           Fig. 1:  Dodoneine (1)
Present work:
In this section we described an efficient and enantioselective formal synthesis of Dodoneine 1, from p-hydroxybenzaldehyde 4. The retro synthetic analysis for Dodoneine 1, [(R)-6-[(S)-2-hydroxy-4-(4-hydroxy phenyl)butyl]-5,6-di-hydropyran-2-one] presented in Scheme 1.
	The key intermediate aldehyde 2 was visualized as an ultimate precursor for the target molecule 1, which could be obtained from the hydride opening of cyclic sulfate 3 and subsequent hydrolysis. The cyclic sulfate 3 could be derived from commercially available p-hydroxybenzaldehyde 4 through series of reactions comprising double 2C Wittig olefinations


	Scheme 1: Retro synthetic route to (+)-Dodoneine

and Sharpless asymmetric dihydroxylation (As the source of chirality). The salient feature of our synthetic strategy was on the presumption that regioselective nucleophilic opening of cyclic sulfate would occur at the α-carbon.



The synthesis was initiated with TBS protection (TBS-Cl, imidazole. CH2Cl2, 0 oC to room temperature, 1.5 h, 96%yield) of commercially available p-hydroxybenzaldehyde 4, followed by standard 2C Wittig olefination with Ph3PCHCOOEt in benzene under reflux conditions to give trans-olefin 6 in 92% yield (Scheme 2). Reduction of trans-olefin ester 6 using LAH at 25 oC gave mixture of products along with low yield of desired alcohol 8. In order to obtain the best yield of alcohol 8,  a two step procedure was devised involving catalytic hydrogenation of double bond using 10% Pd/C , H2(92% yield); followed by LAH reduction of ester to alcohol 8 in dry THF at 0 oC (91% yield). Swern oxidation of alcohol 8 and subsequent 2C Wittig reaction with (ethoxycarbonylmethylene)triphenylphosphorane in benzene under reflux conditions furnished α, β-unsaturated ester 10 in 91% yield. 

The dihydroxylation of trans-olefinic ester 10 with AD-mix-α, methane sulfonamide in tert-BuOH:H2O (1:1) at 0 oC under the Sharpless asymmetric dihydroxylation conditions gave diol 11 in 85% yield and 96% ee (scheme 3). Sharpless and co-workers have also observed that vicinal diol cyclic sulfates are “like epoxides only more reactive”. With this clue, the diol 11 was treated with thionyl chloride in the presence of triethyl amine in dichloromethane at 0 oC to give isomeric cyclic sulfites in 12 in 94% yield. Ruthenium chloride-sodium periodate oxidation of sulfite 12 gave cyclic sulfate 3 in 92% yield. The essential feature of our synthetic strategy shown in scheme 1 was observed on the presumption that the nucleophilic opening of the cyclic sulfate would occur in the regiospecific manner at the α-carbon. Reduction of cyclic sulfates to mono alcohols with sodium borohydride in dimethylacetamide was originally recommended. The intermediate sulfate esters were then hydrolyzed in a 20% aqueous H2SO4-ether system. Alternatively, hydrolysis could be affected with a catalytic amount of concentrated sulfuric acid and 0.5-1.0 equiv of water in THF.
We have observed that, hydrolysis (with catalytic amount of sulfuric acid and water) of intermediate sulfate ester, obtained from cyclic sulfate 3 after treatment with sodium borohydride in DMF at 25 oC, was sluggish and gave the desired product alcohol 13 in low yields (<10%). Conducting both the stages of reaction at 0 oC for longer hours (2-3 h each) improved the formation of alcohol (52% yield), but α, β-unsaturated ester 10 was also obtained as side product in substantial amount (~35%). After series of experiments, we have established that treatment of cyclic sulfate 3 with sodium borohydride in DMF for 15 minutes at 0 oC, followed by hydrolysis with catalytic amount of concentrated sulfuric acid and 0.35 equiv of water in THF at 0 oC for 20 minutes afforded the desired alcohol 13 in quantitative yield (90%). The choice of reaction conditions (reaction temperature and time) is crucial for the successful yield of the desired alcohol 13.








The secondary hydroxyl group in the compound 13 was protected with TBS-Cl/imidazole to give as tert-butyldimethylsilyl (TBS) ether compound 14 in 95% yield. The ester functional in compound 14 was reduced by using DIBAL-H in dry dichloromethane at -78 oC to afforded our  target intermediate aldehyde 2 in 88% yield (Scheme 4). The formation of absolute stereo chemistry of the product aldehyde (S)-2 was ascertained by comparing all the analytical (specific rotation, [α]D25 = +5.54 (c 2.1, CHCl3), Lit [α]D25 = + 5.57) and 1H and 13C NMR spectral data with recently reported literature values.
Natural product (+)-dodoneine 1 was finally obtained from aldehyde (S)-2 by following a well described reaction sequence comprising asymmetric allylation with allyl magnesium bromide, acylation with acryloyl chloride and Grubs ring closer metathesis (Scheme 4). 
Conclusion:
Formal synthesis of (+)_dodoneine 1 has been accomplished by Sharpless asymmetric dihydroxylation and regioselective nucleophilic opening of cyclic sulfate 3. The optimum conditions for the key steps, nucleophilic opening of cyclic sulfate 3 with sodium borohydride in regioselective manner at the α-position (0 oC / 15 min) and subsequent hydrolysis of sulfate ester (0 oC / 20 min) is ascertained after series of experimentations.
Section B: A practical and efficient route to the synthesis of Cotarnine analogue:
Introduction: 
          Among the thousands of modern drugs, about 40% of them are of natural origin. The widest spectrum of pharmacological action is exhibited by alkaloids, especially isoquinoline containing alkaloids.
	In 1990 Sariyar et al., have isolated quaternary alkaloids from the aerial parts of Turkish papavers namely Papaver cylindricum cullen and Papaver pseudo-orientale (PPO) Fedde (Medw). The crude extraction and fractionation of aerial parts of PPO resulted in the isolation of Cotarnine 15 (Fig. 2).

          Benzo[c]phenanthridines are naturally occurring isoquinoline containing alkaloids, isolated from the plants of Papaveraceous and Rutaceous with various biological activities. Sanguinarine  shows anitbacterial and antifungal activities, while nitidine  and fagaronine  has been investigated as potential anti-tumor and antiviral agents. 7-Hydroxynitidine, a modified benzo[c] phenanthridine alkaloid, was shown to have strong cytotoxic acivity  against HeLa S3 cells. The presence of the 7-hydroxy group enhances anti-tumor activity.  6,7,8-trimethoxy tetrahydroisoquinoline  also called as  Anhalinine was found to act as a psychomimetic activity. 
In view of such wide variety of biological and pharmalogical activity, development an efficient route for the synthesis of 6,7,8-trimethoxyisoquinoline.methiodide 21 is highly desirable.
Present work:
 Our approach starts from 3,4,5-trimethoxy benzaldehyde 16, it is an inexpensive and commercially available starting material. It is condensed with nitromethane to obtain ω-nitrostyrene 17 in 86% as a yellow colored solid. After reduction of the compound 17 using LAH gave Mescaline 18 in 79% yield. Formylation of mescaline using ethyl formate gave amide 19.  Cyclization of compound 19 using POCl3 under Bischler-Napieralski reaction conditions for 12 h at reflux temperature afforded the desired isoquinoline compound 20 in 78% as a brown color solid.  Further compound 20 was converted to its methyliodide.salt 21 in 81.2% yield as a brown color solid by reacting with methyl iodide in ether at 0 oC and then at room temperature for 0.5 h. (Scheme 5).













Conclusion:
A process route for the synthesis of 3,4-dihydro-6,7,8-trimethoxyisoquinoline methiodide 21 has been achieved starting from 3,4,5-trimethoxy benzaldehyde 16. The process described herein for 21 is efficient and is amicable to large-scale synthesis.  
CHAPTER- II
Synthesis and Resolution of novel Dibenzofuranylethyl amine:
Introduction:
		A more practical and the most frequently applied method is the ‘classical’ resolution of racemates through formation and separation of diastereomeric salts. In this strategy, an acid-base reaction is involved between a racemate and a resolving agent, which is in practice an enantiopure (single) enantiomer. If the two diastereomeric salts that are formed differ in solubility, filtration can be used to separate the diastereomeric pair is known as “classical method of resolution”.
Present work: 
Dibenzofuran 22 is a basic framework in several natural products namely, Fulicineroside, Lucidafuran, Eriobofuran, Cannabifuran, Ruscodibenzofuran and Karnatakafurans with pronounced biological properties. Simple dibenzofurans are also occurring in higher plants, where they often act as anitungal, phytoalexins. Synthetic heterocycles derived from dibenzofuran manifests a number of important and therapeutically useful biological activities such as antibacterial, antidepressant, and antituberculasis. 

Acylation of compound 22 using Acetyl chloride in dichloromethane gave 1-(dibenzo[b,d]furan-2-yl)ethanone 23 in 93.7%. Compound 23 was further converted to 1-(dibenzo[b,d]furan-2-yl)ethanamine 25 in 84% yield under Leuckart reaction conditions (Ammonium formate followed by acid hydrolysis)  to afforded as white color solid (Scheme 6). 
Resolution procedure:
Since there is no general criteria for the resolution of racemic amines using chiral acidic resolving agents. A hit and trial method is usually adopted.
Various chiral acidic resolving agents such as (L)-tartaric acid, dibenzoyl (L) - tartaric acid, (S)-Naproxen and (R)-Malic acid, (R)-Mandelic acid, (S)-Mandelic acid, (S)-phencyphos and (R)-phencyphos are used in our study. 
Initially the use of (L)-tartaric acid, dibenzoyl (L) - tartaric acid, (S)-Naproxen and (R)-Malic acid in various solvents such as MeOH, IPA and EtOH did not give any resolution of racemic amine 25. Further when subjected to the resolution of racemic amine with (R)-Mandelic acid and (S)-Mandelic acid in IPA as a solvent resulted negligible eantiomeric excess (3-4% ee) was observed (followed by HPLC and [α] D25 = + 3.68 o (c 1.0, CHCl3), [α] D25 = - 6.24 o (c 1.0, CHCl3).
When we searched literature chiral phosphoric acids attracted to us as a general and efficient resolving agents. We therefore envisaged that chiral phosphoric acids could be of better choice for the resolution of (R/S)–1-(dibenzo[b,d]furan-2-yl)ethanamine 25. By following literature we prepared chiral phosphoric acids in our laboratory. 
            To a solution of R/S- amine 25 in IPA was added (S)-phencyphos 26 in IPA as a solvent and briefly boiled. The mixture was allowed to cool to room temperature gradually. The resulted precipitate was filtered and washed with IPA. The analysis of precipitated salt (Less soluble salt, 27) was found to be [α] D25 = +29.5 o (c 1.0, MeOH). The liberated free amine 29, after base treatment was found to be [α] D25 = -27.5 o (c 1.0, CHCl3) and from HPLC, 67.0% e.e. Further concentration and analysis filtrate by following the same protocol resulted (More soluble salt 28) [α] D25 = + 20.5 o (c 1.0, MeOH). The liberated free amine 30, after base treatment was found to be [α] D25 = + 16.5 o (c 1.0, CHCl3) and from HPLC, 54.1% e.e.




Conclusion:

(S)-Phencyphos acid 26 has been found to serve a first and efficient resolving agent for (R/S)–1-(dibenzo[b,d]furan-2-yl)ethanamine 25. We also confirmed that (S)-phencyphos could be recovered with sufficient quality in good recovery.


CHAPTER- III
Section A: One-pot synthesis of Amido alkyl naphthols
Introduction:
                Multicomponent Reactions (MCRs) are convergent reactions, in which three or more starting materials react to form a product, where basically all or most of the atoms contribute to the newly formed product.
Compounds bearing 1,3-amino oxygenated functional groups are ubiquitous to a variety of biologically important natural products and potent drugs including a number of nucleoside antibiotics and HIV protease inhibitors, such as ritonavir and lipinavir. In this research, we represent an advance in the context of synthetic methodology for a class of biologically important molecules; it is noteworthy that 1-amidomethyl-2-naphthols can be convert to important biologically active 1-aminomethyl-2-naphthol derivatives by an amide hydrolysis reaction. The hypotensive and bradycardiac effects of these compounds have been evaluated.
The condensation of mixture of benzaldehyde 31a (1 mmol) with -naphthol 32 (1 mmol) and acetamide 33a (1.1 mmol) in the presence of montmorillonite K10 (0.1 g) was carried out at 125 oC for 1.5 h under solvent free conditions (Scheme 8). The reaction proceeded smoothly and gave the corresponding amidoalkyl naphthol 34a as the sole product in 89% isolated yield.

Conclusion: 
The advantages of the present protocol are mild heterogeneous reaction conditions, shorter reaction times, and easy work up; inexpensive, ready availability, recoverability, recyclability of the catalyst make the procedure an attractive alternative to the existing methods for the synthesis of amidoalkyl naphthols.   
Section B: An efficient synthesis of 1,2-Dihydro-1-aryl-naphtho[1,2-][1,3Oxazine-3-ones using montmorillonite K 10 clay:
Introduction:
Aromatic-condensed oxazinone derivatives are a very important class of heterocyclic compounds since many of this heterocyclic system exhibit biological activity. For example, naphthalene-condensed 1,3-oxazin-3-ones have been reported as anti-bacteririal agents. This class of compounds has also been used as precursors in the preparation of phosphinic ligands for asymmetric catalysis. Recently, benzoxazinone derivatisation has attained considerable significance in potential antiviral target compounds. The prime driving force in this area is to fight against HIV by developing more efficacious drugs like Efavirenz (Sustiva- 35), a benzoxinone derivative, which is presently in clinical use for the treatment of AIDS (Fig. 3).

Present work:
	The condensation of mixture of benzaldehyde 36a (1 mmol) with -naphthol 32 (1 mmol) and urea 33b (1.5 mmol) in the presence of montmorillonite K10 (0. 3 mmol) was carried out at 160 oC for 0.5 h under solvent free conditions (Scheme 9). The reaction proceeded smoothly and gave the corresponding 1,2-Dihydro-1-aryl-naphtho[1,2-e] [1,3] oxazine-3-one, 38a as the sole product in 89% isolated yield.
The reaction of -naphthol 32 with various aromatic aldehydes bearing electron withdrawing groups (such as nitro, halide), electron releasing groups (such as methoxy, methyl or hydroxyl groups) and urea or thiourea was carried out in the presence of montmorillonite K 10 as a catalyst. In all these reactions, clean and the complete conversion leading to the corresponding 1,2-Dihydro-1-aryl-naphtho[1,2-e][1,3]oxazine-3-ones as good to excellent yields in shorter reaction times (30-90min). 

Conclusion:
we have reported herein a novel and eco-friendly method for the synthesis of 1,2-Dihydro-1-aryl-naphtho[1,2-e][1,3]oxazine-3-ones using montmorillonite K10 clay under solvent free conditions. The advantages of the present protocol are mild heterogeneous reaction conditions, shorter reaction times, and easy work up; inexpensive, ready availability, recoverability, recyclability of the catalyst make the procedure an attractive alternative to the existing methods for the synthesis of 1,2-Dihydro-1-aryl-naphtho[1,2-e][1,3]oxazine-3-ones.
Section C: Facile synthesis of pyrimidine analogues through modified Biginelli reaction:
Introduction: 
Dihydropyrimidinones have emerged as the integral backbones of calcium channel blockers, antihypertensive agents, α-adrenergic and neuropeptide Y (NPY) antagonists. Several marine alkaloids containing the dihydropyrimidine core unit have shown intereting biological properties. In particular, batzelladine alkaloids have been found to be potent HIV gp-120-CD4 inhibitors. Series of 4-(Arylethynyl)-6-chloro-4-cyclopropyl-3,4-dihydroquinazolin-2(1H)-ones as novel non-nucleoside HIV-1 Reverse Transcriptase inhibitors (Fig. 4). 




Present work:
In continuation of our previous work on the synthesis of heterocyclic compounds, we present here an efficient one-pot three-component method for the preparation of substituted 4-phenyl hexahydro-1H-pyrano[2,3-d] pyrimidin-2(8aH)-one derivatives using p-TSA as catalyst in DMF/CH3CN under reflux conditions (Scheme 10). This method not only preserved the simplicity of Biginelli type one-pot condensation but also with remarkably improved the yields of the pyrimidin-2-one derivatives in shorter reaction times (5-6 h) as against the longer reaction times required for the other catalysts (e.g. TMSCl).

The reaction of 3,4-Dihydro-2H-pyran with a range of other aromatic, and heterocyclic aldehydes and urea/thiourea under similar conditions using p-TSA, furnishing the respective pyrimidin-2-one derivatives 44a-l (Scheme 10) in excellent yields. Many of the pharmacologically relevant substitution patterns on the aromatic ring could be introduced with high efficiency. A variety of substituted aromatic heterocyclic aldehydes carrying either electron donating or withdrawing substituents afforded high yields of products in high purity. Thiourea has also been used with similar success to provide corresponding pyrimidin-2-thione derivatives, which are also of much interest with regard to the biological activity. 
Conclusion:
We have developed an economically and environmentally friendly procedure for the synthesis of substituted 4-Phenylhexahydro-1H-pyrano[2,3-d] pyrimidin-2(8aH)-ones (thiones) derivatives (44a-l) with excellent yields and short reaction times, which involves the use of inexpensive catalyst p-TSA under DMF/CH3CN reflux conditions.


                                                          CHAPTER- 1V
Synthesis of Chromogenic Azacrown Ether:
Introduction:
In recent years the use of crown compounds with a combination of O and N atoms as part of the macrocycle continues unabated. The development of new crown compounds selective and sensitive as chromogenic or fluorescent imaging tools capable of recognizing transition metal ions have attracted considerable attention. The design of a Cu2+ sensor has received consideration given the biological and environmental implications of Cu2+ in a number of neurodegenerative diseases as well as ecological pollution, respectively.
Present work:














	
The Sodium salt of 2-nitrophenoxide 45 was reacted with 1,2-dibromoethane in DMF at 125 oC for 3 h to give 1,2-bis(2-nitrophenoxy)ethane 46  in 69% yield (Scheme 11). Reduction of nitro functionality of 46 by using 10% Pd/C, H2 in methanol resulted the 1,2-bis(aminophenoxy)ethane 47 in 96.5% as a brown color solid. The bis-amine 47 was reacted with 1,2-bis(2-iodoethoxy)ethane 48 in acetonitrile under reflux conditions gave 49 in 82% yield. Reaction of 49 with ethyl bromoacetate, Na2CO3, NaI under reflux conditions resulted complexing unit 50 in 86%. The chromogenic sensor 51 was obtained 58% yield after diazoniation of complexing unit 50.
          The studies of metal ion recognization were carried out using UV-Visible spectroscopy. The results showed that the chemosensor 51 is highly selective and sensitive towards Cu2+ over metal cations (Mg2+, Ca2+, Zn2+, Cu2+, and Sr3+) as their perchlorate salts


                                                                 Fig 5: UV-visible absorption spectra of sensor 51 and                                     
                                                                                                  shifts in its λmax upon the addition of metal cations

















                                                               
	Fig 6:   Changes in the UV-visible spectra of 51 (10-4  M )  upon titration by Copper salt in   			           Acetonitrile as a solvent where the concentration  (M)  of Copper salt (10-5 to 3.5 x 10-4 molar 		           ratio)



Conclusion:
We have synthesized a new ‘O’ and ‘N’ containing chemosensor 51 for selective and sensitive recognization of Cu2+ over other metal cations (Mg2+,  Ca2+, Zn2+, Cu2+ and  Sr3+) as their perchlorate salts. The micromolar sensitivity of the system is biologically relevant for diagnosizing certain disease conditions. 
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